Summary: Muscle spindles are not always distributed more in postural muscles with many slow-twitch-oxidative (SO) mvofibers than in locomotory muscles with few SO myofibers. The purpose of present study was to examine the distribution, density, and structure of muscle spindles in the vastus intermedius musde: an antigravity muscle and the peroneus longus muscle: a locomotory muscle in the sheep. Muscle spindles were reconstructed from serial sections at fast-twitch-elycolytic myofibers by differences in histochemical reactivity. No significant difference in the density of muscle spindles (DMS) existed between the vastus intermedius (DMS: 5.3) and peroneus longus (DMS: 5.7) muscles. The muscle spindles were distributed more in the distal portion than in the proximal portion of the vastus intermedius muscle. The muscle spindles were distributed in the proximal and middle portion but hardly in the distal portion of the peroneus longus muscle. Muscle spindles were classified into simple, tandem, and compound muscle spindles. Most of the muscle spindles were the simple type. The differences in size of the muscle spindle and numbers of the intrafusal myofibers were not significant between the two muscles. The results show that the density and structure of the musde spindles do not differ between the postural and locomotory muscles in the sheep.
A muscle spindle is a proprioceptive receptor sensitive to changes in muscle length. The number, distribution, or density of muscle spindles (DMS) differ in different muscles (Swett and Eldred, 1960; Maier, 1983; Stephens, 1985; Scott and Young, 1987; Wal and Drukker, 1987) . The muscle spindles have been reported to be distributed greatly in the regions that have many slow-twitch-oxidative (SO) and fast-twitch-oxidative-glycolytic (FOG) myofibers, whereas the regions composed mostly of fasttwitch-glycolytic (FG) myofibers possess few muscle spindles in the medial gastrocnemius, plantaris, and tibialis cranialis muscles of the rat (Yellin, 1969) and the flexor carpi radialis muscle of the cat (Gonyea and Ericson, 1977) . Similar distribution of the muscle spindle has been shown in the soleus, lateral gastrocnemius (Ariano et al., 1973; Barker and Banks, 1986) , peroneus tertius, peroneus brevis, and peroneus longus of the cat (Ariano et al., 1973; Scott and Young, 1987) , and the extensor digitorum and hallucis brevis muscles of the macaque (Matsumura and Saito, 1997) .
On the other hand, in the cat, the DMS of the Dccipitoscapularis muscle which possesses 56% SO myofibers is similar to that of hindlimb locomotor muscles Abrahams, 1975a, 1975b) . The splenius and rectus capitis major muscles with many fast-twitch myofibers have more DMS than does the soleus muscle in the cat Abrahams, 1975a, 1975b) . The facts show that the DMS is not always related with the proportion of SO myofibers in the muscles of the cat. In the sheep, the vastus intermedius muscle has SO myofibers exclusively; it functions as a postural muscle (Suzuki and Tamate, 1988). On the other hand, the peroneus longus muscle is involved in flexion of the hock as a locomotory muscle. The vastus intermedius muscle is assumed to have more muscle spindles than does the peroneus longus muscle. No information about the DMS is obtained in the two muscles of the sheep. The purpose of the present study was to examine whether the number and distribution of the muscle spindle and DMS were related to the proportion of SO myofibers in the vastus intermedius and the peroneus longus muscles of the sheep. Also, the structures of muscle spindles were studied in the two muscles.
Materials and Methods
Three female sheep (Corriedale x Suffolk; weight 31.6-44.0 kg) aged 10 months were used in this study. After slaughter, the lateral portion of the vastus intermedius and the whole of the peroneus longus muscles were removed from the carcasses and were weighed.
Muscle samples were stuck on the cardboard to prevent them from transforming, and fixed in 10% formalin. After fixation, the muscle samples were divided into 21-24 pieces (5 mm thick) in the vastus intermedius muscles and into 13 or 14 pieces in the peroneus longus muscles. They were embedded in the paraffin. Serial sections (10 gm thick) collected at 300pm intervals were stained with periodic acid Shiff reaction and Mayer's hematoxylin.
All muscle spindles in muscle sections were plotted on the cover glass under the microscope. The diagrams indicating distribution of muscle spindles throughout the muscles were reconstructed from all serial traced-drawings (Fig. 1) .
The muscle spindles were classified into three types; simple, tandem, and compound muscle spindle. The DMS was expressed as the number of the spindle units per 1 g wet weight of the muscle (Barker and Banks, 1986; Scott and Young, 1987; Patten and Ovalle, 1992) . The length of the muscle spindle, which contains spindle capsule and polar regions, and the length of the spindle capsule were determined from the number of muscle sections where the identical muscle spindle was found. The smallest dimensions at the equatorial region of the muscle spindles were measured-for diameters of the spindle capsule with an ocular micrometer. The length and diameters of spindle capsules of the tandem and compound muscle spindles were measured in each spindle unit.
Transverse sections (1 cm thick) were taken form the belly of two muscles for classification of myofiber types. The muscle samples were frozen in a mixture of acetone and dry ice. Cross sections (10 1.1M thick) were cut serially on a cryostat and mounted on microslides. Unfixed cross sections were stained for myosin ATPase after preincubation at pH 4.3 and pH 10.5 (Brooke and Kaiser, 1970; Suzuki, 1976) . Other sections were stained with NADH dehydrogenase (Lojda et aL, 1979) . Myofibers were classified into SO, FOG, and FG myofibers by differences in reactivity for myosin ATPase and NADH dehydrogenase, as shown by Peter et al. (1972) . Statical analysis was used ttest, and differences between means were considered significant at P < 0.05.
Result Distribution of muscle spindles
No significant differences in the DMS existed between the vastus intermedius and peroneus longus muscles, although the vastus intermedius muscle had more muscle spindles than did the peroneus longus muscle ( Table 1 ). The distal portion of the vastus intermedius muscle tended to possess more muscle spindles than do the proximal and middle portions (Fig. 2) . Muscle spindles in the peroneus longus muscle were located in the proximal and middle portions, and hardly existed in the distal end where the muscle tapered and covered with the tendinous sheet (Fig. 2) .
Types of muscle spindles
The simple muscle spindles were classified into two subtypes; a bipolar subtype: a typical simple type ( Fig. 3 ) and a unipolar subtype (Barker and Ip, 1961; Goldfinger and Fukami, 1982) in which one side of the capsular sleeve regions was terminated directly in a tendon without a polar region (Fig. 4) . Tandem muscle spindles had two linked spindle units (Fig. 5 ). Compound muscle spindles had two adjacent spindle units (Fig. 6) . The structure of spindle units of the tandem and compound muscle spindles was similar to the simple muscle spindle. Table 1 . Total number and density of the muscle spindle in the vastus intermedius and peroneus longus muscles of sheep "Mean ± Standard deviation (n = 3) .
Percentage of muscle spindle types
The vastus intermedius and peroneus longus muscles had large percentages of simple muscle spindles and small percentages of tandem and compound muscle spindles (Table 2 ). In the peroneus longus muscle, the simple muscle spindles were found in all the animals examined. The unipolar simple muscle spindles were found in the animal No. 2 and 3, the tandem muscle spindles in the animal No. 1 and 3, and the compound muscle spindles in the animal No. 1 and 2.
Muscle spindle length, spindle capsule length, spindle capsule diameter, and number of intrafusal myofiber between two muscles
The length of the tandem muscle spindle was nearly twofold longer than that of the simple muscle spindle (Table 3 ). The length of the compound muscle spindle was similar to that of the simple muscle spindle. The spindle capsule occupied the half to three-quarters of length of the muscle spindle in each spindle type. Simple muscle spindles were composed of two intrafusal bag myofibers and four or five intrafusal chain myofibers ( Table 4 ). The number of intrafusal myofibers per spindle unit in the compound muscle spindles was smaller than that in the simple muscle spindles. No significant differences in the length of muscle spindle, length of spindle capsule, capsule diameter, and numbers of the intrafusal myofiber existed between the Table 2 . Percentage of the muscle spindle types of the vastus intermedius and peroneus longus muscles of sheep "Mean ± Standard deviation (n = 3) . Table 3 . Whole length, capsular length, and capsular diameter of muscle spindles in the vastus intermedius and peroneus longus muscles of sheep "Mean ± Standard deviation (n = 3) , 2)Mean (n = 2), 3) Average of adjoining spindle units. Table 4 . The number of the intrafusal myofibers of muscle spindles in the vastus intermedius and peroneus longus muscles of sheep "Mean ± Standard deviation (n = 3) , 2) Mean (n = 2). a) Sum of adjoining spindle units . vastus intermedius and peroneus longus muscles.
Composition of myofiber types The vastus intermedius muscle had SO myofibers only (Table 5 ). The peroneus longus muscle was composed of 28% SO, 35% FOG, and 37% FG myofibers. Each myofiber type was distributed evenly in the peroneus longus muscle.
Discussion
The vastus intermedius muscle composed only of SO myofibers and the peroneus longus muscles composed of 28% SO myofibers were similar in DMS in the sheep. In the flexor carpi radius muscle of the cat (Gonyea and Ericson, 1977 ) and the extensor digitorum and hallucis brevis muscles of the macaque (Matsumura and Saito, 1997), the distribution of muscle spindles and the composition of myofiber types within the muscle have been considered to reflect the functional compartmentalization within the muscle, which the muscle spindles are situated in the region where SO myofibers are rich.
In an ungulate, the stifle and hock joints form a parallelogram, which its longer opposite sides are the tibial bone and the flexor digitorum superficialis muscle with the well developed tendon. The stifle and hock joints of the ungulate cannot be flexed independently because all angles of the parallelogram change simultaneously, which this mechanism is accomplished by a locking device at the stifle joint of the ungulate (Hildebrand, 1995) . Because of this stiff mechanism, the hindlimb of the ungulate chiefly performs pendular swing. The cat can scratch its head with a hindlimb and move it variously. The simple motion of the pendular swing in the ovine hindlimb may not require much DMS in the vastus intermedius muscle.
The ovine vastus intermedius muscle shows uneven distribution of muscle spindles in contrast with the cat soleus muscle that generally exhibits even distribution of muscle spindles (Swett and Eldred, 1960). In the medial gastrocnemius muscle of the cat, the muscle spindles are chiefly distributed in the middle portion of the muscle belly (Swett and Eldred, 1960). Van Leeuwen and Spoor (1996) have reported that the maximum intramuscular pressure on the basis of a two dimensional muscle model is built up in the middle of the medial gastrocnemius muscle of the cat. These facts indicate that the portions with many muscle spindles exhibit the maximum intramuscular pressure. In the human medial gastrocnemius muscle, the intramuscular pressure is built up in the distal direction only; the highest intramuscular pressure is found at the distal end of muscle (Van Leeuwen and Spoor, 1996) . In the sheep, the vastus intermedius muscle appears to have a similar architecture to the human gastrocnemius muscle: the unipennate shape with a peripheral tendinous sheet in the distal side. The facts imply that the maximum intramuscular pressure is situated in the distal portion which possesses many muscle spindles. In the peroneus longus muscle of sheep, the intramuscular pressure may be built up in the proximal to middle portion because most of the muscle spindles in the ovine peroneus longus muscle were distributed in the muscle belly.
Maier (1983) states two separate feedbacks of motor control: one that determines the signal gain of afferent discharge and another that is concerned with the static and dynamic quality of afferent discharge. The former is associated with DMS and the latter is associated with spindle morphology. The cat neck muscles have many complexes of muscle spindles, which include tandem or compound or pair of them (Richmond and Abrahams, 1975b; Bakker and Richmond, 1982; Richmond et al., 1985; Abrahams et aL, 1990 ). In the articularis humeri muscle of the horse, multiple-bag muscle spindles containing 3-6 intrafusal bag myofibers account for 60% of the muscle spindles (Lalatta-Costerbosa et al., 1992). The existence of the complex of muscle spindles or the multiple-bag muscle spindles and their peculiar structure are suggested to reinforce the proprioceptive information for postural maintenance (Richmond et aL, 1986; Abrahams et al., 1990, Lalatta-Costerbosa et al., 1992). In the vastus intermedius muscle of the sheep, small numbers of spindle complexes and multiple-bag muscle spindles providing may be required for detailed information for standing positions because the ovine hindlimb possess the suitable structure for postural maintenance with the "locking device" (Hildebrand, 1995). Also, the ovine peroneus longus muscle has a few spindle complexes and a few multiple-bag muscle spindles because the muscle functions as the locomotory muscle. (Fig. 3a) . The capsule sleeve region tapers gradually toward a pole (Figs. 3b) . Two intrafusal bag myofibers and one intrafusal chain myofiber extend into the polar region (Fig. 3c) . Figs. 3a-c: 900 1.un intervals. x300.
Plate IV Fig. 4 . A unipolar simple muscle spindle in the vastus intermedius muscle. The proximal pole of the muscle spindle has the polar region in which the intrafusal myofibers extend (Fig. 4a) . In the distal pole, the capsule of the muscle spindle (C) attaches to the tendon (T) and intrafusal myofibers terminate without the polar region (Fig. 4h) . 
